Introduction
There are significant concerns in relation to emergency cardiac surgery (ECS), especially in respect to high morbidity and mortality within thoracic aneurysm repair and re-repair [1, 2] . There is still uncertainty in such areas as to the best approaches to manage emergency cases and emergent research is essential to develop evidence based protocol to improve peri and post-operative outcomes.
Citation rankings highlight publications with the greatest influence [3] . Citation are gathered when publications are referenced by other peer-reviewed articles. It is clear to think that the more a piece of work is cited, the greater its impact in the scientific community. Bibliometric analysis or citation analysis are viewed as a marker of a papers influence. Such a process involves ranking an article or journal based on the number of received citations. In addition this tool is also used to rank journals based on their impact on the scientific community [3] .
Many surgical specialities have utilised have used citation analysis to identify key research themes within the field including; general surgery [4] and orthopaedic surgery [5] , as well as for surgical education [6] . Ellul and colleagues have previously used such an analysis to determine research themes that are most influential in understanding emergency abdominal surgery pathology and management to ultimately guide future citeable papers [7] . Within general cardiac surgery, it has been suggested that despite some flaws, bibliometric analysis has inherent merits to guiding future research [8] .
This bibliometric analysis aimed to highlight key research themes within emergency cardiothoracic surgery that have had the greatest influence on developing management and understanding of related pathologies. Furthermore we hoped to demonstrate that the impact factor of a journal has a role in determining how often an article will be https://doi.org/10.1016/j.amsu.2019.05.002 Received 15 January 2019; Received in revised form 29 April 2019; Accepted 9 May 2019
Results
The Web of Science database returned 3823 full English Language manuscripts. Table 1 provides a list of the top 100 papers ranked in order of citation . The median number of citations for the top 100 manuscripts was 88, with a mean of 135.16 (standard error 20.27); whilst the median yearly citation rate was 5.08, with a mean citation rate of 8.15 (standard error = 1.08). Of the top 100 manuscripts found, 39 had 100 citations or more as of 2018.
The most cited article by Nashef et al. [9] , reviewed surgical risk stratification via the EuroSCORE for patients undergoing cardiac surgery. This was published in the European Journal of Cardio-Thoracic Surgery in 1999 and has been cited 2043 times.
The oldest publication within the top 100, was published in 1991 by Fulda et al. investigating blunt traumatic rupture of the heart and pericardium and cited 140 times [27] . The most recent paper cited in this analysis was published in 2013 by Lamhaut et al., investigating the use of extracorporeal life support in the pre-hospital setting and was published in Resuscitation [87] .
The 100 most cited papers were published by a total of 31 journals with the number of articles per journal ranging from 1 to 18 ( Table 2 ). The Annals of Thoracic Surgery was found to have published the most articles (n = 18), whilst the European Journal of Cardiothoracic Surgery published 9 manuscripts but had the highest number of total citations (n = 2649). The journal with the highest impact factor was the New England Journal of Medicine (impact factor as of 2017 = 79.26; 5 year impact factor = 67.53) and published only 1 in the top 100, this however received 1223 citations. Chest was found to be the journal with the lowest impact factor was the Journal of Heart Valve Disease (impact factor as of 2017 = 0.715; 5 year impact factor = 0.883), and had published 1 article in the top 100. for the relationship between impact factor and citations received by and article.
The country with the highest number of publications in the top 100 manuscripts for ECS was the United States of American (n = 55), followed by Germany (n = 9). The United Kingdom contributed 5 (continued on next page) manuscripts to the top 100 list. The countries with the lowest number of manuscripts in the top 100 were; the Netherlands, Austria, Australia, Israel, Japan, South Africa and Brazil (n = 1) ( Table 3 ).
The citation rate for the top 10 identified manuscripts related to ECS ranged from 102.5 for Nashef et al. (European system for cardiac operative risk evaluation (EuroSCORE)) [9] to 12.8 for Chartier et al.
(Free-floating thrombi in the right heart -Diagnosis, management, and prognostic indexes in 38 consecutive patients) [16] . The United States of American had the most manuscripts in the top 100 (n = 7), the UK, France and Canada had 1 each. Fig. 2 highlights the number of manuscripts pertaining to a specific topic. Risk stratification was the most widely published topic with 20 manuscripts. This was followed by reperfusion surgery (n = 15). The use of circulatory support including ECMO and aortic surgery made up 12 manuscripts a piece within the top 100. Isolated manuscripts of other related topics looked into topics such as; the use of Cardiac Fig. 1 . Relationship between impact factor and number of citations.
R.B. Karsan, et al.
Annals of Medicine and Surgery 43 (2019) 5-12
Advanced Life Support (CALs) [82] and surgical management of massive pulmonary embolism [18] .
Discussion
This bibliometric analysis is the first of its kind to identify the themes which have the greatest impact within the area of ECM. A myriad of pathologies, interventions and processes are encompassed by this diverse area of cardiac surgery. The most cited paper was by Nashef et al. [9] (2043 citations), published in the European Journal of Cardiothoracic Surgery and focused on risk stratification and predicted mortality for patients undergoing major cardiac surgery. This focused on the use of a point scoring system to predict mortality and morbidity outcomes that can be used by clinicians. Risk stratification in cardiac surgery is the focus of other articles within the top 100 for ECS (n = 20). The second most cited paper by Hagan et al. [10] , (1619 citations) published in Jama-Journal of the American Medical Association (impact factor 47.661) reported on the prevention, diagnosis and management of acute aortic dissection. The third most cited manuscript was by Bickell et al. [11] (1223) in the New England Journal of Medicine (impact factor 79.26) was a prospective trial comparing immediate and delayed fluid resuscitation in penetrating chest injuries, suggesting delayed fluid resuscitation prior to surgery improved outcomes.
There was substantial discrepancy in citation numbers for papers isolated in the top 100 for ECS. The top three papers, the citation numbers ranged from 2043 to 1223. The other thereafter ranged from 630 to 52. The median citation number was 88. This trend was not largely seen in other bibliometric analyses although Ellul et al. [7] showed a similar pattern when looking at emergency abdominal surgery. This substantiates suggestions that it reflects the relevance of the topic of risk stratification to non-emergency surgery disciplines, thus broadening the influence of the available literature. Furthermore, the citation numbers of the papers within the top 100 for ECS are significantly lower than for other surgical specialities. For example within orthopaedic surgery the three most cited articles identified by Kelly et al. had citation numbers of 1786,1146 and 1088 respectively, with a median citation number of 451 [109] . Similarly within cardiac surgery, O'Sullivan et al. illustrated a mean citation number of 457, with the top 4 most highly ranked manuscripts having citation numbers ranging from 1252 to 271 [8] . This looks to suggest relatively low research activity within the topic of ECS or a lack of available funding within this niche field, as well as significant challenges associated with conducting high quality trials in an emergency setting.
The topics covered within ECS demonstrate that a larger number relate to risk stratification (n = 20) of patients. This could likely represent the fact that within cardiac surgery as a whole, the risks of potential surgery needing cardio-pulmonary bypass are significant and with a move to less invasive strategies, a way to deduce management plans for higher risk patients is required so as to improve overall outcomes. The use of circulatory support, especially with the use of intraaortic balloon pumps and extra-corporeal membrane oxygenation was also a significant topic of focus within the top 100 (n = 14). Emergency aortic surgery largely focused on surgical management of thoracic aortic dissection and chest trauma were also well covered within the top 100 (n = 12). Management of thoracic aortic dissections may have a larger focus due to the advent of endovascular repair and the potential for identifying key methods of management in term of open and endovascular repair.
Based on this analysis, it is evident that much of the research conducted was in the form of retrospective data search, cohort studies or case series. The use of randomised controlled trials is limited and may be as a result of formidable logistical challenges associated with the planning, and development of such clinical trials within the acute setting.
Influential manuscripts are more likely to have higher citation numbers, these citations form the basis of a journals impact factor. The journal impact factor in itself is a measure of the yearly average number of citations to recent articles published, and acts as a proxy of the importance of a journal within its field. Journals with a higher impact factor are thereby considered of being of a higher quality and more likely to publish the most influential manuscripts. The median impact factor for identified journals in this study was 3.78 with 64% of identified manuscripts published in journals with an impact factor of less than 5. Furthermore, the journals isolated with very high impact factor (79.26-15.008); New England Journal of Medicine, Jama-journal of The American Medical Association, European Heart journal, Circulation, Journal of the American College of Cardiology and Intensive Care Medicine represent on 23% of the top 100 publications.
Whilst the definition of impact factor gives an account to a journals specialist influence within the scientific community based on the citations its articles receive, the potential role of impact factor in relation to it facilitating higher citation rates for manuscripts and thus furthering a manuscripts scientific influence has not been established. Bibliometric studies by Paldugu et al. [4] and Ellul et al. [7] failed to show a relationship when considering how impact factor may positively or negatively influence the number of citations a manuscript gets. This study has highlighted that impact factor does indeed have a relationship with citation number (P = 0.043) in the realms of ECS (see Fig. 1 ). This study suggests that the greater a journals impact factor is, it the greater the number of average citations an article is likely to receive and thus a reflection of an articles greater influence within the scientific community. However it is interesting to note that journal impact factor was not always representative of total citation number at the level of individual papers for example, the highest ranked paper by Nashef et al. was Fig. 2 . Number of manuscripts relating to individual topics with relevance to emergency cardiac surgery.
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published in the European Journal of Cardiothoracic Surgery (impact factor 3.504), which was the 18th ranked journal for impact factor in this study. Establishing the potential relationship between citation number and influence is a subject area that may require further work in the future, as a way to determine if such publications have in any way been integrated into modern ECS training within cardiothoracic surgery.
The findings of this study are potentially limited by a myriad of forms of bias. On such possibility is that articles may receive multiple citations as a result of self-citation, institutional or language bias. The high rate of publication within the USA has been mirrored in other studies included that looking at emergency abdominal surgery by Ellul and colleagues [7] . Other citation analyses studies by Powell et al. have also shown the same pattern [110, 111] . Institutions within the USA may favourably cite local research, which may explain this pattern. Conversely, research culture within the US medical training encourages researchers to integrate research with their clinical practice. By limiting this research to English language articles, it is possible this effect was further exacerbated. Another point of possible bias is that older articles have greater time to accrue citations and thus not truly reflect research impact. To control for this, we calculated the citation rate per year (Tables 1 and 4 ). Even with this attempt at correction, lead-time for publications may result in more recent articles being under-represented in this study. A final point that may have contributed to bias within this study is that we limited the search to look only at first and senior author, and the institution of the first author. In many cases it is likely that there are several first authors who may have co-authored other papers in this top 100, as such they are likely under-represented in this current study format.
Conclusion
The most highly cited papers in ECS cover a myriad of topics focusing largely on risk stratification, myocardial revascularisation, circulatory support and aortic aneurysm management. Emergency cardiac surgery in the pregnant patient and management of significant blood loss were poor reflected in this study and seem to relate to their clinical frequency of presentation and clinical burden. Despite the high-profile nature of ECS, this appears to be a relatively poorly researched area in cardiac surgery when reviewed from the angle of this bibliometric analysis, this is more than likely due to the difficulties in conducting high quality trials in such and acute setting. Nonetheless, ECS is a highly topical and pertinent subject within the realms of cardiac surgery and an essential part of training. This study has also highlighted that bibliometric analyses may be a quick and powerful tool to aide future cardiothoracic surgery training by ways of highlighting what the key subject areas within a sub-topic of a speciality are, and also what areas will require further research in the future. This bibliometric analysis provides insight into the most influential subjects and manuscripts in the speciality, and serve to show what subjects are topical, what areas need further research and ultimately what makes a citable and influential paper.
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